The antibacterial activity of methanolic crude extract and its subsequent fractionation into ethyl acetate, n-butanol, chloroform and aqueous fractions from wood, bark and leaves of Ficus benghalensis L., Ficus retusa L., Dalbergia sissoo Roxb., Syzygium cumini (L.) Skeels, Populus nigra L. and Cupressus sempervirens L. grown in Egypt was investigated against some pathogenic bacteria. The antibacterial susceptibility test was evaluated by disc-diffusion and minimum inhibitory concentrations methods. The MCE and ethyl acetate fraction were found to possess maximum antibacterial activity. The ethyl acetate and n-butanol fractions from S. cumini presented good activity against tested bacteria. The wood chloroform fraction from F. retusa and P. nigra displayed some activity against the tested bacteria. Other trees had different antibacterial activity. The obtained results could be considered adequate for further studies for the isolation and identification of the active chemical components from the extracts for their antibacterial activity. These findings demonstrated that the species had great potential to be used as a bioresource for natural health products and food preservation.
Introduction
In Egypt, there are large quantities of wood branches, leaves and bark residues resulting annually from pruning process to street trees such as Ficus and Dalbergia spp., windbreak and shelterbelts (Populus, Cupressus and Casuarina spp.) and ornamental trees. These residues can be used as a bio-resource for the production of extracts that may be useful in medicine and chemotherapy or as a source of biologically active compounds for pharmaceuticals.
Nowadays, the medicinal plants are playing a very popular role in health care products. In the food preservation, pharmaceuticals, alternative medicine and natural therapies, the antimicrobial activity of Science Target Inc. www.sciencetarget.com these extracts have formed the basis of these products. Furthermore, the extracts of trees can be a very good source of antibiotics against the pathogenic bacteria.
Ficus benghalensis L. is a large evergreen tree found throughout forest tracts of India. It is a popular source of indigenous system of medicine such as Ayurveda. In traditional medicine, the different parts of trees such as stem bark, root bark, aerial roots, vegetative buds, leaves, fruits and latex are used in dysentery, diarrhea, diabetes leucorrhoea and astringent (Patil and Patil, 2010) . The previously phytochemical screenings of F. benghalensis revealed the presence of saponins, tannins and flavonoids in aqueous and methanolic (MeOH) extract and the methanolic extract had an effect against the growth of some pathogenic bacteria (Manimozhi et al., 2011) .
Ficus retusa L. (F. nitida Thunb.) or (F. microcarpa L.) commonly known as Chinese anyan belongs to family of Moraceae, which is a large evergreen tree possessing few aerial roots. It is distributed throughout Central India and Australia. It is also called as "Indian Laurel Fig". The cytotoxic and antifungal activities of the aerial parts have been reported (Chiang et al., 2005; Taira et al., 2005) . Root bark and the leaves boiled in oil form good applications for wounds and bruises. The golden yellow leaves contain high amounts of flavonoids and carotenoids, triterpenoids, fatty alcohol, steroids, coumarins, flavane-4-hydroxybenzoate and isoflavones (Takahashi et al., 2002; Li and Kuo, 1998; Chiang and Kuo, 2003) . Roxb. ((Family: Fabaceae) is commonly known as Indian rosewood found throughout India, Bangladesh, Pakistan and Nepal up to 900 m (Kumar and Kumud, 2010) . The extract of D. sissoo was reported as, antidysentric (Brijesh et al., 2006) , analgesics and antipyretic (Hajare et al., 2000) . The bark and wood are bitter, hot and acrid used as aphrodisiac, abortifacient, expectorant, antihelmintic, antipyretic and as a cure for diseases of the blood, leucoderma, dyspepsia and dysentery is mentioned in Ayurveda (Upwar et al., 2011) . The wood is good for diseases of the eye, and of the nose, and is used as a cure for scabies and syphilis. A decoction of the leaves is given in the acute stage of gonorrhea. The phytochemical analysis revealed the presence of alkaloids, carbohydrates, saponins, flavonoids, glycosides (Cardiac glycosides, anthraquinone glycoside and saponin glycosides) and steroids (Kumar and Kumud, 2010; Upwar et al., 2011; Reddy et al., 2008) . The stem bark is reported to have a good antioxidant activity (Roy et al., 2011) .
Dalbergia sissoo
Syzygium cumini (L.) Skeels (Eugenia jambolana Lam.) belonging to the family Myrtaceae, is a large tree cultivated throughout India for the edible fruits (Black Plum) and is reported to contain vitamin C, gallic acid, tannins, anthocyanins, includes cyanidin, petunidin, malvidinglucoside and other components (Banerjee et al., 2005) . Leaves have been used in traditional medicine as a remedy for diabetes mellitus in many countries (Texixeri et al., 2000) . The use of this tree to treat infectious diseases stimulated the investigation of the antimicrobial activity of the methanol and aqueous extract of the leaves against standard and multi drug resistant Gram positive and negative bacteria (Gowri and Vasantha, 2010) . Seedextracts showed a good antibacterial activity against multidrugresistant human bacterial pathogens (Bag et al., 2012) .
Populus nigra L. (Family: Salicaceae), native to Europe, southwest and central Asia and northwest Africa, traditionally its leaves are used as a tonic and antiseptic (Al-Hussaini and Mahasneh, 2009 ). Many bioactive compounds such as phenolic acids, flavonoids and terpenoids have been isolated from Populus species (Radoykova et al., 2010; Schnitzler et al., 2010; Dudonné et al., 2011; Zhong et al., 2012) . Additionally, the results obtained provided promising baseline information for the potential uses of the extract and flavonoids from this plant as antimicrobial agents to help control plant diseases (Zhong et al., 2012) . The flavonoids compounds; pinobanksin, 3,7-dimethylquercetin and pinocembrin were isolated from 50% ethanol extract of P. nigra (Adam et al., 2009) . Phenolic compounds like caffeic, p-coumaric and cinnamic acids also were identified (Dudonné et al., 2011) . Although the plant was mentioned in the European folk medicine, in the study of Al-Hussaini and Mahasneh (2011), the ethanolic extract showed very weak activity against bacteria as well as fungi although Populus leaves extracts are used in Jordan folk medicine in skin disinfection.
Cupressus sempervirens L., a medium-sized evergreen tree, is an ornamental tree belonging to the Cupressaceae family. It is native to the eastern Mediterranean region (Ibrahim et al., 2009 ). Traditionally C. sempervirens L. is used for the cure of colds, flu, evils throat, rheumatism and also used as antiseptics and antispasmodics (Chaudhary et al., 2012) . It comprises of tannin and used as antipyretic, constipating, diaphoretic and astringent. The methanolic and other extracts were showed good antibacterial activity (Chaudhary et al., 2012; Mothana et al., 2009; Toroglu, 2007) . The essential oil of the leaves showed a remarkable antimicrobial activity (Ibrahim et al., 2009 ).
The cultivated medicinal plants in Egypt received good attention and represent a voluminous addition to the knowledge in the field of medicinal plants. Therefore, the investigations of the antimicrobial within higher plants (timber trees) have become desirable and a very good tool, since the microorganisms have developed resistance to many commercial antibiotics. Therapy of bacterial infections is a frequent problem due to the emergence of bacterial strains resistant to numerous antibiotics (Cowan, 1999) .
The use of medicinal plants as a source of traditional medicinal methods still plays a vital role to cover the basic health needs in the developing countries. The medicinal value of these plants lies in some chemically active substances that produce a definite physiological action on the human body. The most important of these bioactive constituents of plants are alkaloids, tannin, flavonoid and phenolic compounds (Cowan, 1999) . In addition, the natural products of higher plants within the recent years may possess a new source of antimicrobial agents with possibly novel mechanisms of action. When the infections have increased to a great extent and antibiotics resistance effects become an ever-increasing therapeutic problem (Ahmad and Aqil, 2007; Barbour et al., 2004) . Furthermore, the different botanical varieties and different geographical origin may affect the quantity and quality of the phytochemical presents in the interested plants (van Vuuren, 2008) .
The aim of this study was to evaluate the antibacterial activity of extracts from six timber trees using six standard bacterial strains. The effect of extracts was determined by measuring the minimum inhibitory concentrations (MICs) and the clear inhibition zone around the disc that was contained the tested extract using the disc diffusion assay. In addition, the phytochemical screenings of the extracts was done.
Materials and Methods

Tree Materials
Wood, bark and leaves of F. benghalensis, F. retusa, D. sissoo, S. cumini, P. nigra and C. sempervirens were used in the present study as a source of extracts. The tree specimens were collected from different locations at Alexandria City and vouchered at the Faculty of Agriculture, Alexandria University, Egypt. Samples of wood, bark and leaves were air-dried for at least one week at room temperature after collection and kept away from direct sunlight in paper sacks then grounded into fine powder by a small laboratory mill.
Preparation of Extracts
Samples of 150 g of ground materials were extracted by 1000 mL of 99% methanol for the initial extraction in a Soxhlet extraction system for 8 h. The methanolic crude extract (MCE) was concentrated to a small volume (20 mL) under reduced pressure (40 °C) by rotary evaporator apparatus.
The chloroform fraction (CHCl 3 ) which contains alkaloids was carried out according to the recommendations of Harborne (1973) and Cannell (1998) , where sample of about 1.6 g from the lyophilized MCE was dissolved in 50 mL of 99% methanol and treated with an equal volume of 1% aqueous HCl then the alkaloids were precipitated by drop-wise addition of 10% NH 4 OH. The precipitate was collected by centrifugation (5000 rpm at 4 °C for 30 min.) and washed with 1% NH 4 OH. The residue was dissolved in a few drops of chloroform to obtain the CHCl 3 fr that was containing the precipitated alkaloids.
Simultaneously, samples of about 3.6 g from the MCEs were suspended in distilled water (100 mL) and shaken with an equal volume of ethylacetate (EtOAc). The two layers were separated. The aqueous layer (Aq) was mixed with n-butanol (1:1v/v ratio) to afford the n-BuOH fr which contains saponins compounds (Ahmad et al., 1990) . The previously EtOAc and Aq layers were separated to give the Aq fr and EtOAc fr. The Science Target Inc. www.sciencetarget.com solvents were completely evaporated at 40 °C, by using rotary evaporator.
The extracts were lyophilized, weighed and stored in sealed vials at 4 °C until use. Extraction yield (%, w/w) was calculated as the ratio of the weight of the extract to the weight of the crude plant powder (oven-dry weight). As a consequence, the standard phytochemical methods described previously (Harborne, 1973) were used to test for the presence of flavonoids, alkaloids, phenolic, saponins and tannins.
In vitro Antimicrobial Susceptibility Testing
The biological assays were carried out on the MeOH extract, EtOAc fr, n-BuOH fr, Aq fr, and Nutrient agar (NA) medium (g/L, peptone 5.0 g/L, beef extract 3.0 g/L, 0.5 g/L, pH 7.0) was used for maintenance of the tested bacterial organisms. Mueller Hinton agar (MHA) medium (g/L, meat infusion 2.0; casein hydrolysate 17.5; starch 1.5; agar 13.0, pH 7.0) was used in all bioassays applying the disc diffusion method.
The disc-diffusion method was applied to determine the inhibition zones (IZs) of different extracts (Bauer et al., 1996; Elansary et al., 2012) with minor modification as follows: from a pure culture, five colonies of the organism to be tested were transferred with a wire loop to a test tube containing 4 ml of Mueller Hinton broth (MHB). All five colonies had similar morphology and were picked successively. The tubes were incubated at 37 °C for 2 to 5 h to produce a moderately cloudy suspension. Müller-Hinton agar (MHA) was prepared and autoclaved. Plates were poured to a depth of 5.0 mm and dried for 30 min.
Using sterile cotton swabs, 0.5 mL of the fresh 24-hours old bacterial suspension were spread over the surface of MHA plates, the surface allowed drying. Sterile plain discs of 5 mm diameter (Whatman filter paper no. 1) were placed on the surface of agar plates and each disc received 20 µL of the concentrated extract dissolved in dimethylsulfoxide (DMSO, E. Merck, Germany) except EtOAc fr was dissolved in propylene glycol. Plates were allowed to stand in a refrigerator at 4 °C for 6 hrs to allow diffusion of the antibacterial agents then incubated at 37 °C overnight. The IZ around the disc was measured and recorded as an average of three replicates.
Determination of Minimum Inhibitory Concentration of Different Extracts
Minimum inhibitory concentrations (MICs) were determined by serial dilution of extracts (4, 8, 16, 32, 56, 128, 256 and 512 µg/mL) beyond the level where no inhibition of growth of test organisms was observed. This was performed in 96-well microplates (Newton et al., 2002) by filling all wells with 50 µL sterile MHB with minor modification. Two wells were used as a sterility and growth control respectively with the sterility control containing only Oxoid ® MHB, whilst the growth control containing both MHB as well as test organism. After adding 50 µL of the bacterial suspension [10 5 Colony-forming unit (CFU)/mL] to each row (except for the sterility control), the micro-plate was covered and incubated at 37 °C at 100% relative humidity overnight. The following morning 50 µL of a 0.2 mg/ml solution of p-iodonitrotetrazolium violet (INT, Sigma-Aldrich) was added to each well and the plate was returned to the incubator for at least half an hour to ensure adequate color development.
Inhibition of the growth was indicated by a clear solution or a definite decrease in color reaction. This value was taken as the MIC of the extract. Extracts used for the determination of MICs were either solubilized in DMSO or propylene glycol and was made up as a stock solution (512 µg/mL) with distilled water. The MICs were determined as the lowest concentration that completely inhibited macroscopic growth of bacteria. Extracts with a MIC value of <125 µg/mL were considered active.
Statistical Analysis
The results were statistically analyzed using the Statistical Analysis System (SAS, 2001) GLM procedure. Significant differences among treatment means were determined by the least significant differences (LSD 0.05 ) test with a significance level of P<0.05.
Results and Discussion
Quantification and Phytochemical Investigation of Extracts
The quantity of MCE extracts and their fractions (EtOAc fr, n-BuOH fr, CHCl 3 fr and Aq fr) from wood, bark and leaves of six timber trees are presented in Table 1 . The tree parts showed to have a different amount of MCE, EtOAc fr, n-BuOH fr and Aq fr. By contrast, the CHCl 3 fr which contains alkaloids, was not detected in some parts of trees. For example, the leaves and wood of F. retusa presented an amount of CHCl 3 fr (4.71 and 3.22 g/kg o.d., respectively), whereas the bark didn't contain it.
The phytochemical screenings (Table 2) detected are known to have beneficial importance in medicinal sciences. For instance, flavonoids, steroids, tannins and saponins have been reported for their anti-allergic, anticancer, anti-inflammatory, antimicrobial, antioxidant antifungal and anticancer activities, etc. (Cowan, 1999) .
Additionally, the previous phytochemical analysis carried out revealed the presence of coumarins, flavanoids, glycosides, phenols, tannins, saponins and steroids in S. cumini and didn't show the presence of alkaloids from wood, bark and leaves (Shihabudeen et al., 2010) . Moreover, E. jambolana was reported to reach in flavonides, saponins and glycoside, volatile oils, gallic and ellagic acid derivatives, tannins and flavonol glycosides (Magina et al., 2009) . Also, acylated flavonol glycosides, kaempferol, myricetin and other polyphenols were isolated from S.cumini leaves (Mahmoud et al., 2001; Timbola et al., 2002) .
In present study the steam bark of F. retusa didn't show the presence of alkaloids, whereas the previous results about the preliminary phytochemical investigation of the ethanol extract showed the presence of alkaloids (Kalyan and Kumar, 2012) . The leaves of C. sempervirens are quite rich in tannins and flavonoids but they are free from alkaloids and low in saponins (Emami et al., 2004) . Additionally, previous studies showed that C. sempervirens is rich in flavonoids (cupressuflavone, amenoflavone, rutin, quercitrin, quercetin and myricitrin) and phenolic compounds (anthocyanidin, catechines flavones, flavonols and isoflavones), tannins, catchol and essential oil (Koriem, 2009; Mazari et al., 2010) .
Antibacterial Activity of Different Extracts
The antibacterial activity of different extracts as measured by disc-diffusion and MICs methods (Tables 3-8) showed a highly significant effect (P<0.001) against the growth of the tested bacterial strains. The results of zones of inhibition and MICs are presented in Tables 3-8. The IZs of the different extracts were ranging from 6-25 mm (Table 3) , 6-24.53 mm (Table 4) , 6-25 mm (Table  5 ), 6.5-17.5 mm (Table 6 ), 6.4-25.0 mm (Table 7) and 6-26 mm ( In Table 3 , the highest zone of inhibitions against the growth of B. cereus was showed by MCE of P. nigra wood (25 mm) followed by S. cumini wood (19.6 mm) with MIC of 16 and 64 µg/mL, respectively. In addition it was highly affected by EtOAc fr from S. cumini wood (20 mm) followed by P. nigra leaves (19 mm) with MICs of 128 and 64 µg/mL, respectively. On the other hand, the nBuOH fr from C. sempervirens wood had a highly significant effect (P<0.001) with IZ of 20 mm and MIC of 128 µg/mL from the n-BuOH fractions of the studied trees. The previously highest IZs values were higher than the IZ value of the positive control used (15mm with 2 µg clindamycin/disc). Table 5 showed that the MCE from bark and leaves of S. cumini had the highest IZs (23 and 25 mm, respectively) with MIC value of 32 µg/mL against the growth of S. aureus. The EtOAc fr from D. sissoo wood showed good antibacterial activity (22.60 mm) with MIC of 64 µg/mL. In addition, the activity of n-BuOH fr was high by S. cumini leaves (24 mm) with MIC of 32 µg/mL. The CHCl 3 fr from D. sissoo wood showed a good activity (18mm) with MIC of 64 µg/mL. These highest IZs values were comparable with the IZ value of the positive control used (22 mm with 30 µg cephalothin/disc).
The highest antibacterial activity against P. aeruginosa from studied trees (Table 6 ), were reported from the MCE of P. nigra leaves and F. retusa wood (17.5 and 17.4 mm,) with MICs of >512 and 256 µg/mL, respectively, the EtOAc fr from S. cumini (15 mm with MIC of >512 µg/mL) and F. benghalensis wood (14 mm with MIC of of >512 µg/mL) woods and the CHCl 3 fr from F. retusa wood (13 mm with MIC of >512 µg/mL). All the previous IZs values were lower than the positive control (36 mm with 30 µg tetracycline/disc). Tables 1,3 In Table 7 , the MCE from all parts of S. cumini (IZs of 19.6, 23 and 19.8 mm for wood, bark and leaves, respectively) with MIC of 32 µg/mL and EtOAc fr from C. sempervirens bark and wood (25 and 21.4 mm, with MICs of 64 and >512 µg/mL, respectively), S. cumini bark (20 mm with MIC of 32 µg/mL) and P. nigra wood (20 mm and MIC of 32 µg/mL) and the n-BuOH fr from S. cumini leaves (22.5 mm with MIC of 64 µg/mL) were significantly active (P<0.001) against the growth of S. marcescens. Table 8 presented that the MCE from P. nigra wood (26 mm with MIC of 16 µg/mL) followed by S. cumini leaves and bark (25 and 24 mm, with 16 and 64 µg/mL, respectively), C. sempervirens wood (22 mm with MIC of 32 µg/mL) and D. sissoo wood (21.5 mm with MIC of 32 µg/mL), the EtOAc fr from leaves and bark of P. nigra (22.3 and 21 mm, with MIC of 32 µg/mL), gained the highest activity against the growth of E. coli. The values of IZs were lower than the positive control used (18 mm with 2 µg clindamycin/disc).
From the previous results, the MCE from the studied tree species was more active than the other fractions against all the bacterial strains and the further solvent fractionations of the MCE enhanced the activity particularly in the EtOAc and n-BuOH fractions.
The tested extracts from F. retusa had a variable degree of antibacterial activity against all of the tested bacteria. However, the MCE of leaves owned the highest activity against the growth of selected bacteria at the lower concentrations. Furthermore, the MCE from the wood and bark was observed to have good activity against the tested bacteria except E. coli. The CHCl 3 fr and Aq fr from wood showed good activity against tested bacteria at low concentrations. Within the members of the Moraceae family, the genus Ficus is also well documented for its biological activities such as antimicrobial (Al-Fatimi et al., 2007; Changwei et al., 2008) . For instance, the extracts from the areal parts and bark of F. retusa "variegata" showed mild antimicrobial activity (Sarg et al., 2011) . The strong antioxidant and antibacterial activities of F. microcarpa bark and leaves extract may be attributed to its high level of phenolic compounds like flavonoids, coumarin and triterpenoids (Ao et al., 2008) . In addition, the plant showed a moderate antioxidant activity and the EtOAc and n-BuOH fractions have the high activity (Abdel-Hameed, 2009 ).
The MCE from wood of F. benghalensis showed good activity against the growth of studied bacterial strains at the lower concentrations except S. aureus. In addition, the n-BuOH fr from wood was observed to have good effect against the bacterial growth. It was noticed the EtOAc fr from the bark had a good efficacy except against P. aeruginosa. Moreover, the extracts from the leaves especially EtOAc fr showed slight activity against studied bacteria. The MCE of F. benghalensis contains glycoside; 20-tetratriaconthene-2-one, 6-heptatriacontene-10-one, pentatriacontan-5-one, beta sitosterol-alpha-D-glucose and meso-inositol have been isolated from the bark (Mousa, 1994) .
The extracts from S. cumini presented good activity against the tested bacteria. The leaves MCE presented a high antibacterial activity followed by wood and bark. In addition, the nBuOH fr from the leaves showed a high antibacterial activity at lower concentrations. Moreover, the EtOAc fr from wood, bark, and leaves and Aq fr from leaves showed good activity at the lower concentrations. Indeed, the EtOAc and n-BuOH fractions from S. cumini had good activity against the growth of the tested bacteria strains. In addition, the crude plant extracts demonstrated IZ of 18mm against S. aureus and further fractionation showed the presence of saponins (nBuOH fr) as the active phytoconstituent (Jasmine et al., 2007) . The antimicrobial activity of S. cumini might be due to tannins and other phenolic compounds. It is known to be very rich in gallic and ellagic acid polyphenol derivatives (Mahmoud et al., 2001; Chattopadhyay et al., 1998) . Additionally, the MCE of S. cumini had the highest toxicity against all the bacteria and revealed to show MIC of 0.75 mg/ml against S. aureus (Shihabudeen et al., 2010) . The extracts of S. cumini leaves showed inhibitory activity against the gram negative and positive bacteria and the results suggested a potential application of S. cumini leaves for treatment of skin wounds, typhoid and further investigations should be conducted in order to explore their applications (Gowri and Vasantha, 2010) .
The EtOAc fr from leaves and bark of C. sempervirens and n-BuOH fr from wood had the highest antibacterial activity against the growth of tested bacteria at the lowest concentrations except against P. aeruginosa. Furthermore, the MeOH extract from wood and bark and n-BuOH fr from bark showed good activity against the growth of bacteria except P. aeruginosa and S. marcescens. It was noticed that the CHCl 3 fr from wood had moderate activity against the tested bacteria at the lower concentrations. Additionally, Mothana et al. (2009) pronounced that the antimicrobial activity of MCE of C. sempervirens was observed only against Gram-positive bacteria among them multiresistant bacteria with inhibition zones >15mm and MIC values <500 µg/mL. Furthermore, the leaves MCE had a significant antimicrobial activity followed by the ethyl acetate and ethanol extracts and the greater inhibitory activity against E. coli was possessed by ethyl acetate extract of C. sempervirens (Chaudhary et al., 2012) .
The MCE and EtOAc fr from the bark and leaves of P. nigra had a good antibacterial activity against the growth of the studied bacteria except the bacterium P. aeruginosa. Furthermore, the EtOAc and CHCl 3 fractions from wood showed good activity at the lower concentrations against the growth of bacteria except P. aeruginosa. Moreover, the EtOAc fr from the wood showed good activity. In the present study, P. nigra extracts unexpectedly showed good activity against bacteria and this result might be due to the compounds, 4-hydroxybutanoic acid, 3-hydroxybutanoic acid, phthalic acid, 4-hydroxyhydrocinnamic acid, imidazole, phenetole, benzoic, cis-and trans-p-coumaric, ferulic, caffeic and cinnamic acid which were identified previously by GC-MS from the bud exudate of P. nigra (Wieslawa et al., 2002) .
The EtOAc fr from D. sissoo wood was observed to have a good activity at the lower concentrations against the growth of tested bacteria and it was noted that the MCE from bark and n-BuOH fr from the leaves showed some activities against the tested bacteria. For instance, it was reported that the decoction of D. sissoo leaves contained carbohydrates, proteins, flavonoids, and tannins, phytosterols, glycosides, saponins and alkaloids were absent (Brijesh et al., 2006) . Science Target Inc. www.sciencetarget.com
In our study, other fractions (CHCl 3 fr And Aq fr) from the studied trees showed a weak effect against the growth of the tested bacteria and this results could be attributed to the presence of poly and oligosaccharides (water-soluble compounds). For example, the Aq fr from D. sissoo leaves showed a weak antibacterial activity and could be related to the presence of polysaccharide isolated previously like L-rhamnose, D-glucuronic acid, Dgalactose and D-glucose in different molar ratios (Rana et al., 2009; Rana and Kumar, 2011) . The CHCl 3 fr had presented slight activity against tested bacterial strains, however the CHCl 3 fr from F. retusa wood and P. nigra wood owned a high activity against the tested bacteria and the mechanism of action of alkaloids is attributed to their ability to intercalate with DNA (Phillipson and O'Neill, 1987) .
The plants having antibacterial constituents suggested to have enormous therapeutic potential as they could act without any side effect as often found with synthetic antibacterial products. Most antibacterial medicinal plants are more effective against gram-positive than gram-negative bacteria (Scrinivasan et al., 2001) . However, the current findings show a remarkable activity against gramnegative bacteria (E. coli and S. marcescens). Furthermore, the most susceptible bacterium was E. coli and might be due to its cell wall structure and outer membrane. The most resistance bacterium to the extracts from studied trees was P. aeruginosa. Our results suggest that gram-positive bacteria are generally more sensitive to the extracts from studied trees. This was consistent with the previous studies on other species (Arora and Kaur, 1999) .
Overall, from the previous results, it was clear that the MCE of wood, bark and leaves exhibited the strongest bactericidal action against all bacterial strains followed by the EtOAc fr. The mechanisms thought to be responsible for phenolic toxicity to microorganisms include enzyme inhibition by the oxidized compounds, possibly through reaction with sulfhydryl groups or through more nonspecific interactions with the proteins (Mason and Wasserman, 1987) . Additionally, fractionation of the weakly active crude extracts results in more active antibacterial fractions. For instance, the MCE from D. sissoo leaves (Table 4) didn't show any activity against the growth of B. subtilis and the EtOAc fr delivered from the MCE had a good activity (15.6 mm of IZ and MIC value of 128 µg/mL).
Conclusion
In conclusion, the data presented in this study indicated that the in vitro activity of the methanloic extract and its fractions from the studied trees against bacteria was varied with the type of microorganism and tree parts used. Furthermore, MIC values though relatively high compared with positive control pure antibiotics may substantiate and validate the medicinal properties of these trees.
The results could be providing justification for the use of these trees in folk medicine to treat various infectious diseases. These results are of interest since they have been obtained with methanol extracts and their subsequent fractions and are not a pure product and it could be considered to have a good potency level. However, further investigation should be carried out on new series of pathogenic microorganisms, in order to validate these trees in the field of medicinal plants.
